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ABSTRACT 
Introduction:  The processes of learning and teaching are fundamentally linked. 
Therefore, to truly understand how both processes are interconnected we must first define 
each term separately. Learning can be defined as “the act, process, or experience of 
gaining knowledge or skills” (Conner 1997). Teaching is much more than the simple 
delivery of information as it also involves knowing how to grab an audience’s attention 
and keep them engaged in order for them to truly recall what is being taught to them in a 
near future. There are several theories that try to explain this complex dynamic by 
proposing several learning theories and learning styles as to how people learn best. Some 
popular theories of learning are behaviorism, cognitivism, constructivism, and more 
recently connectivism. The method a person implements during learning cannot be 
directly measured via test results.  Therefore, we are investigating whether students’ eye 
movements are potential indicators of how the students learn. 
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Methods: The visual information presented on the computer screen were a series of 6 
black and white line drawings of cells that are either oblong or square shaped. The 
experiment was divided into a Baseline phase, a Training phase, and a Testing phase. The 
subjects are first asked to visually explore each image during the Baseline phase. Subjects 
in the Experimental group are then trained to use salient features to identify cell images, 
which have been assigned a number 1-6 while the Control group received no training but 
were shown the same numbered cells with no labeled key features. In the Testing phase 
of the experiment, both groups were asked to identify cells by number. It is during this 
phase that the subjects see all six images three times but in different orientations: a 180-
degree flip, a horizontal flip, and the original or same orientation as the baseline. 
Hypothesis:  We postulate that an educational intervention will result in an increase in 
the accuracy of answers, an increase in the amount of time a subject takes to select an 
answer and a decrease in the likelihood that subjects will change their answer when asked 
to identify a certain image.  
Results: The main variables of interest were: accuracy of answer, time to answer and 
number of times the answer was changed. On average and when analyzing individual 
images, the Experimental group scored higher than the Control group especially for 
images in Oblong 1 and Square 1. The opposite occurred for images Square 2 and Square 
3 where the Control group scored higher than the Experimental group. Both groups had 
the same number of correct answers for image Oblong 2.   Looking at the effect of 
orientation, it was found that across all three orientations the Experimental group 
correctly identified the majority of the images more often than did the Control group. It 
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was also found that only the horizontal orientation for Oblong 3 (p=0.0210) showed a 
statistically significant difference between the two groups; for this image, the 
Experimental group had significantly more correct answers. When considering time to 
answer, on average and for the majority of the images (Oblong 1, Oblong 3, Square 1, 
Square 2, and Square 3) the Control group answered faster than the Experimental group. 
A statistically significant difference (p=0.010) between groups was also found when 
comparing all of the individual subjects’ time to answer in each group across all 
orientations as the Experimental took longer to select an answer than the Control group. 
Image Square 1 also showed a statistical significant difference (0.008) when all three 
different orientations are pooled as well as in each individual orientation (180: p=0.018, 
horizontal: p=0.012, and original: p=0.003) as the Experimental took longer to select an 
answer than the Control group. Lastly, it was found that the Control group changed their 
answers more often than the Experimental group for the Oblong images, whereas the 
Experimental group changed their answers more often than the Control group for the 
majority of the Square images.  
Conclusions: These results do indicate, to some extent, an improvement on both the 
performance and the time to answer when subjects are explicitly taught what key features 
to fixate on. We speculate that guided instruction allows the subject to spend more time 
on such features and easier recognition of the images.  
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I.  INTRODUCTION 
The processes of learning and teaching are fundamentally linked and without one 
the other cannot occur. It is arguable that,  “in learning you will teach, and in teaching 
you will learn” (Phil Collins “Son of Man”). Therefore, to truly understand how both 
processes are interconnected we must first define each term separately. Learning can be 
defined as “the act, process, or experience of gaining knowledge or skills” (Conner 1997). 
Similarly, many view teaching as the very straightforward and simple delivery of 
information. However, teaching is much more than that since a good teacher must know 
not only how to grab their audience’s attention but also how to keep them engaged in 
order for them to truly recall and remember what is being taught to them in a near future. 
Because of this dynamic there is no doubt that “teaching does influence learning and 
learning influences teaching, and the way this is done offers insights into the science of 
education” (Loughran, 2013).  
The process of studying how we learn is complicated by the fact that learning 
depends on the quality and clarity of how information is presented, as well as whether or 
not the information is presented in a way that allows for easier recall later on. There are 
several theories that try to explain this complex dynamic by proposing several learning 
theories and learning styles as to how people learn best. Some of the most common 
theories of learning are behaviorism, cognitivism and constructivism.  
Behaviorism focuses on objectively observable behaviors.  In the theory of 
behaviorism, learning occurs when a specific behavior changes. Behaviorism focuses on 
the ideas of reward or punishment and the ensuing observation as to whether certain 
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behaviors occur or not (Gredler 2005). In other words, behaviorists believe that if 
teachers provide positive reinforcement, or rewards, whenever students perform a desired 
behavior, the student will learn to perform the behavior on their own. As a result, the 
most important factor in behaviorism is the arrangement of stimuli and consequences 
within the environment (Ertmer & Newby, 1993).   
Cognitivism, on the other hand, focuses on the thought process behind the 
behavior. Cognitism views learning as an information-processing model in which we act 
as computers that can receive, organize and process a series of inputs or information, 
transfer them into short term memory and later code them for long-term recall and 
retrieval (Driscoll, 2000). Contrary to behaviorism, in cognitism the learner is 
characterized as being very active during the learning process and memory is therefore 
the result of such learning. When comparing these two theories it is evident that while 
behaviorists evaluate a learner to assess prior knowledge, cognitivists evaluate a learner 
to establish their predisposition to learning (Ertmer & Newby, 1993). 
A third learning theory, constructivism, is based on the premise that we all 
construct our own perspective of the world, through individual experiences and schema. 
This approach is therefore very learner-centered, focusing on the concept that learners are 
involved in creating their own meaning of knowledge. In essence, constructivism 
acknowledges that real-life learning is messy and complex which is why according to this 
theory it is up to the learner to select pursue his or her own learning (Kargiban 2012).  
The digital age in which we live in today has changed education and learning 
itself in numerous ways and as result new theories such as connectivism have developed 
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in the past few years. In connectivism, learning is considered to be a process in which the 
role of informal information exchange is organized into networks or mind maps and 
supported while being supported by electronic tools (Kargiban 2012). 
Each of the four learning theories outlined above can contribute to the design of 
online materials through their ideas of how learning takes place. "Behaviorist strategies 
teach facts and what is needed for understanding concepts. Cognitive strategies focus on 
how the process should be implemented for the most successful learning. Constructivist 
strategies use a shift toward real-life application, where the learner is given the 
opportunity to construct personal meanings from what is presented. Finally, in 
connectivist strategies the learner can share and learn through collaboration” (Siemens 
2005). Each of these principles can be utilized in the design of teaching materials. 
 
Quantification of learning 
The method a person implements during learning cannot be directly measured 
only via test results, as these are in turn a direct consequence of the quality and clarity of 
the teaching.  Part of our everyday learning is due to our ability to interact with the world 
around us through the complexity of the visual information. Therefore, by focusing on 
how students can learn specific content we hope to find that their eye movements are 
potential indicators of such learning occurring. Therefore, in this study we investigate 
whether learning may be objectively described by using gaze eye tracking when 
individuals interact with visual stimuli before and after training. 
Eye tracking can be defined as: “the science of measuring the movement of the 
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eyes usually in response to visually, auditory, cognitive or vestibular stimulus” (SMI 
2009). In a parallel study associated with the one described in this thesis, we focus on 
subjects’ gaze position, or “the point in the subject’s field of view where the eye is 
actually looking” (SMI 2009), during the learning process. By analyzing where a 
subject’s gaze is at a given time, one can then discern whether or not the subject is 
looking at the salient features of a certain image. This allows investigators to further 
analyze individual gaze paths, or “the path the eye takes while studying a stimulus 
image” (SMI 2009) to discern how a certain subject interacts with the presented visual 
stimuli. Moreover, by analyzing the location and timing of “indicators of perceived points 
of interest”, also known as fixations, one can discern the cognitive complexity of the 
information being acquired (Slykhuis, 2005). Gaze patterns may indicate learning, as “the 
total number of fixations and the total gaze time within a region can be considered both 
an indicator of perceived importance and how well it was encoded into long-term 
memory” (Slykhuis, 2005). Similarly, the fixations sequence over both time and space 
also provide powerful understandings as to the strategy used by the subject to acquire the 
presented information (Yarbus, 1967).  
 In this study, we employ a typical teaching strategy to teach a group of subjects 
how to identify novel visual stimuli. Subjects view the images, and then are taught 
specific strategies for identifying the images.  A group of Control subjects are shown the 
same images but given no specific instruction with regards to how to differentiate the 
images (self-guided learning).  All subjects are then required to identify unlabeled 
images. Subjects’ gaze patterns are recorded throughout the study.  The gaze patterns of 
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these subjects during the baseline, teaching, and testing phases are reported in a parallel 
study.  In the current study, we examine the efficacy of the teaching intervention as 
compared to self-guided learning.  We postulate that the educational intervention will 
result in an increase in the accuracy of the answers, an increase in the amount of time a 
subject takes to select an answer and a decrease in the likelihood that subjects will change 
their answer when asked to identify a certain image.  
 
II.  METHODS 
A.  Recruitment and Study Setting 
Those subjects interested in participating in the study contacted the lab and were 
phoned back by one of the study investigators. During the phone call, subjects were 
screened using an approved Institutional Review Board form to ensure subject eligibility 
and that no identifying information was recorded. If eligible, their name and other contact 
information such as address, race, age, date of birth, sex, email address, phone number 
where they can be easily reached, and date of first appointment were recorded and stored 
in a separate folder to in order to maintain confidentiality. If the subject was not eligible 
for the study, both the contact and screening forms were immediately destroyed. After 
informed consent was acquired during the subject’s visit, both the informed consent and 
the screening form were stapled and stored together in a separate folder. If no informed 
consent was given, then any information pertaining to that specific subject was destroyed. 
Therefore, the only identifying information was the subject’s name and signature on the 
informed consent form, as the screening form only contains the subject number as the 
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only identifier. The only place where both name and subject ID number were stored 
together was on a separate master code list only accessible to the researcher that 
conducted the study and the principal investigator.  
The subjects reported to the testing center at 650 Albany Street (Evans 
Biomedical Research Center, room X-149), where they were met by one of the 
researchers. At this point, they verified that the information on both the contact and 
screening form were accurate, and if so they proceeded to read and sign the written 
informed consent form. Once they signed the form, the subject was asked to sit 
comfortably in front of the computer with the gaze-tracking camera, as if they were about 
to use a computer. The researcher then made the adjustments necessary to ensure that the 
subject’s eyes were at the optimal position for both calibration and testing. Key 
parameters were correct distance (about 60cm away from the computer screen), correct 
camera angle (about 45 degree angle) and appropriate screen angle depending on each 
subject. The optimal set up is one in which the subject is both comfortable and the gaze 
tracking camera detects that their gaze is located within the center of the screen.  
 
B.  Inclusion and exclusion criteria 
Participants were included if they are: 1) healthy and between 18-64 years of age, 
2) willing to participate in the study by means of signing an informed consent, and 3) are 
English speaking as it is both the Principal Investigator’s and student investigator’s 
language of competence. Those participants that had any of the following were excluded 
and not allowed to participate in the study: 1) hearing loss of any kind, 2) Ménière’s 
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Disease, 3) neurological disease of any kind, 4) have had a stroke or a brain injury of any 
kind including concussions, and/or 5) any loss of vision, uncorrected by glasses or 
contact lenses.        
 
C.  Study Design 
Subjects were randomly assigned to either the Experiment or Control group, 
based on the order they arrived for testing. Before the experiment began, the gaze-
tracking camera was calibrated to the subject’s gaze location by the gaze tracking 
software.  “Calibration is the adaptation to the current’s subject’s eye characteristics. 
During calibration, a number of targets in known screen locations are presented to the 
subject. The subject needs to fixate in the presented targets, while the position of the 
subject’s gaze is registered by the RED-m remote eye tracker” (SMI 2010). Once 
calibration is finished, a validation box appears, comparing the measured gaze points 
with the position of the targets and calculates the average deviation of the subject’s gaze 
to the target points (SMI 2009). If both values shown in the validation box were less than 
1.00 we proceeded with the experiment. If not, we re-calibrated the subject by correcting 
variables that may contribute to poor tracking such as seat height, angle of monitor, 
reflections from eye glasses, etc. In most cases, we were able to obtain the correct 
validation results with no more than two calibration attempts. 
The experiment was divided into a Baseline phase, a Training phase, and a 
Testing phase. The visual information presented on the computer screen were a series of 
6 images of cells that are either oblong or square shaped. The images themselves are 
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black and white line drawings of cells that fill the whole screen. The subjects first view 
these images in the Baseline phase, during which the participant is asked to visually 
explore each image for a total of ten seconds per image. During the Training phase, 
subjects in the Experimental group are trained to use salient features to identify cell 
images, which have been assigned a number 1-6. During the training the Experimental 
group is shown each numbered cell image labeled with key visual features that allow the 
subject to identify each cell image. Subjects in the Control group receive no training but 
are simply shown the same images of the numbered cells with no identifying features 
labeled. In the Testing phase of the experiment, both groups are asked to identify cells by 
number by selecting the corresponding number on the keyboard. In this phase, the 
subjects see all six images three times but in different orientations: a 180-degree flip, a 
horizontal flip, and the original or same orientation as the baseline. All images are 
presented in random order to avoid experimental fatigue. Examples of the images each 
group is presented with are found below. (Figures 1-7)    
 
 
 
 
 
 
 
 
 9 
 
Figure 1. 
Images of oblong cells presented to both groups. 
 
Figure 2. 
Images of square cells presented to both groups. 
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Figure 3. 
Example of a teaching image presented to the Experimental group in the Training phase. 
Key salient features for identifying this cell are labeled. 
 
Figure 4. 
Example of a teaching image presented to the Control group in the Training phase. No 
features for identifying this cell are labeled. 
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Figure 5. 
Example of a 180 flip orientation image presented to both groups in the Teaching phase.   
 
Figure 6. 
Example of a Horizontal orientation image presented to both groups in the Teaching 
phase.   
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Figure 7.  
Example of an Original orientation image presented to both groups in the Teaching 
phase.   
 
D.  Data collection 
After the experiment was completed, the scan path data collected via Experiment 
Center was exported to BeGaze, where it was then exported subject by subject, image by 
image to a Microsoft Excel spreadsheet for easier and more convenient data analysis. The 
following data were exported: time to answer; the answer selected by the subject, and 
how many times the subject changed their answer. The data was then reformatted in a 
Microsoft Excel spreadsheet for further analysis.  
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E.  Data analysis 
In the reformatted Microsoft Excel spreadsheet, several statistical tests were 
performed to examine the difference in performance between the Experimental and 
Control groups. All statistical tests were performed with an α of 0.05.  
In order to compare the accuracy between the Experimental and Control groups, 
categorical counts were used; an entry of 1 corresponded to a correct answer (e.g., subject 
identified the number of the cell correctly), whereas an entry of 0 corresponded to an 
incorrect answer for that particular orientation and image. If a subject did not provide an 
answer for a specific image or orientation, this was indicated with a 0 and the data cell 
entry for its corresponding time to answer in the Microsoft Excel spreadsheet was left 
blank.  
A chi-square test was used to compare the number of the correct answers by the 
Experimental vs. the Control group as well as the number of correct answers per 
orientation. The average number of correct answers for each group was also computed to 
provide further descriptive statistics.  
The number of correct answers for each subject by orientation and by image were 
calculated for both groups as well as the average number of correct answers for each 
image and orientation and compared by using the one-tailed Fisher exact test to check for 
a statistical significant difference allowing for a direct comparison of different counts of 
correct answers per group, orientation and image due to the small sample size. In other 
words, both tests the Fisher and Chi-square tests are were used to compare different 
counts but the size of the sample size determined what test was used. If the sample size 
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was lesser than 50 the Fisher exact test was used and if it was larger the Chi-square test 
was the test used.  
The time to answer for each subject by orientation and by image were calculated 
for both groups, as well as the average time to answer for each image and orientation. 
The differences in time to answer between the groups were calculated overall and for 
each image and orientation using the one-tailed T-test. Figure 9 and Figure 22 
demonstrates bar graphs that represent the differences and illustrate some trends between 
the two groups. Lastly, the data representing how many times the subject changed their 
answer both between orientations of a certain image and between a specific image was 
compared between groups by use of a one-tailed T-test.  
 
III.  RESULTS 
A total of 30 subjects were included in the study and no exclusions were made.  
A.  Accuracy of answer 
Accuracy of answer refers to whether the subject correctly identified the image presented 
on the screen during the testing phase. During this phase each image was presented in 
three different orientations: the original orientation, 180-degree flip, and a horizontal flip 
(refer to appropriate Figures above). In the tables below, “1” indicates a correct answer 
and “0” indicates an incorrect answer. 
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Table 1.  
Experimental group Correct/Incorrect Answers. “Image” indicates the identification of 
the image presented on the screen. “OR” indicates the orientation in which the image was 
presented. “1” indicates a correct answer and “0” indicates an incorrect answer. 
 
 
 
 
 
 
 
 
SU
BJ
EC
TS
EXPERIMENTAL GROUP
IM
AG
E
OR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 # of Correct Answers
180 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 13.0
OB
L 
1
horiz 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 13.0
original 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15.0
OB
L 
2
180 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 13.0
horiz 1 0 1 1 1 1 0 1 1 1 1 1 1 0 1 12.0
original 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 13.0
OB
L 
3
180 0 0 1 1 1 1 1 1 1 1 0 1 1 0 1 11.0
horiz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15.0
original 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 14.0
SQ
 1
180 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 14.0
horiz 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 13.0
original 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15.0
SQ
 2
180 1 0 0 1 0 0 1 1 1 0 0 1 1 1 0 8.0
horiz 1 1 0 1 1 0 0 1 1 1 0 1 1 1 1 11.0
original 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 12.0
SQ
 3
180 1 0 0 1 1 1 1 0 1 0 0 0 0 1 1 8.0
horiz 1 1 0 1 1 1 1 0 1 1 0 1 1 1 1 12.0
original 1 1 0 1 1 1 1 0 1 1 0 1 1 1 1 12.0
12.4Average Number of Correct Answers
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Table 2.  
Control group Correct/Incorrect Answers. “Image” indicates the identification of the 
image presented on the screen. “OR” indicates the orientation in which the image was 
presented. “1” indicates a correct answer and “0” indicates an incorrect answer. 
 
When comparing Table 1 (Experimental) vs. Table 2 (Control) it can be deduced 
that on average the Experimental group performed slightly better (12.4 correct) across all 
images and orientations in comparison to the Control group (11.6 correct) with 
approximately one more answer correct (0.8 to be exact). These results are demonstrated 
graphically in Figure 8. 
 
 
 
SU
BJ
EC
TS
CONTROL GROUP
IM
AG
E
OR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 # of Correct Answers
OB
L 
1
180 1 0 0 1 1 0 1 0 1 0 1 1 1 1 1 10.0
horiz 1 0 1 1 1 0 0 0 1 1 1 1 1 1 0 10.0
original 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 12.0
180 1 0 0 1 1 0 1 1 1 1 1 1 1 1 0 11.0
horiz 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 13.0
original 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 14.0
180 1 0 0 1 1 0 1 0 1 0 0 1 1 1 0 8.0
horiz 1 0 0 1 1 0 1 1 0 1 1 1 1 1 0 10.0
original 1 0 1 1 1 1 1 1 1 0 1 1 1 1 0 12.0
180 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 13.0
horiz 1 1 0 1 1 1 1 0 1 0 1 1 1 1 1 12.0
original 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 13.0
180 1 0 0 1 1 1 1 0 1 1 0 1 1 1 0 10.0
horiz 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 12.0
original 1 1 0 1 0 1 1 1 1 0 0 1 1 1 1 11.0
180 1 1 0 1 1 1 1 1 1 0 1 1 1 0 1 12.0
horiz 1 1 0 1 1 1 1 0 1 0 1 1 1 1 1 12.0
original 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 13.0
11.6Average Number of Correct Answers
OB
L 
2
OB
L 
3
SQ
 1
SQ
 2
SQ
 3
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Figure 8.  
Average number of Correct Answers Experimental vs. Control Group. All images and all 
orientations pooled 
 
Table 3.  
Chi-Square comparing Experimental vs. Control Number of Correct Answers. 
 
However, the difference between groups was not significant, as there is no statistically 
significant difference when pooling and comparing via a chi-square all of the subjects’ 
number of correct answers of the two groups. The chi-square test value (1.72) for this test 
was less than the critical value (1.96).  
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1. Individual Images 
The previous analysis examined the performance of the two groups with all images 
pooled. Since the six images had different visual features and likely varying levels of 
difficulty in identification, the following figures and tables examine the relative 
performance during the Testing phase by the Experimental and Control groups on the 
different images, all orientations pooled. 
Figure 9. Number of Correct Answers Experimental vs. Control Group, per Image. 
Organized by image, all orientations pooled. 
  
 
The image that showed the biggest difference of number of correct answers between the 
Experimental and Control group was Oblong 3 (Experimental= 40 correct, Control=30). 
Similarly, the Experimental group scored higher than the Control group in images 
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Oblong 1 (Experimental= 41, Control=32), and Square 1. (Experimental= 42, 
Control=38).  In contrast, the Control group scored slightly higher than the Experimental 
group in images Square 2 (Experimental= 31, Control=33) and Square 3 (Experimental= 
32, Control=37). Both groups had the same number of correct answers (38) for image 
Oblong 2.   
Table 4.  
One-Tailed Fisher Tests comparing Accuracy of Answers Experimental vs. Control for 
each image.  
Correct Incorrect TOTAL Correct Incorrect TOTAL
Experimental 41 4 45 Experimental 42 3 45
Control 32 13 45 Control 38 7 45
TOTAL 73 17 90 TOTAL 80 10 90
FISHER TEST FISHER TEST
Correct Incorrect TOTAL Correct Incorrect TOTAL
Experimental 38 7 45 Experimental 31 14 45
Control 38 7 45 Control 33 12 45
TOTAL 76 14 90 TOTAL 64 26 90
FISHER TEST FISHER TEST
Correct Incorrect TOTAL Correct Incorrect TOTAL
Experimental 40 5 45 Experimental 32 13 45
Control 30 15 45 Control 37 8 45
TOTAL 70 20 90 TOTAL 69 21 90
FISHER TEST FISHER TEST
0.011641
SQUARE 1
0.112564
SQUARE 2
0.165299
SQUARE 3
0.092604
OBLONG 1
OBLONG 2
0.227835
OBLONG 3
0.008265  
Fisher tests were used to test whether differences in answer accuracy were significant for 
each image. Oblong 1 and Oblong 3 are the only two images that showed a statistically 
significant difference between the Experimental and Control group with p-values of 
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0.0116 and 0.0083 respectively regardless of orientation. In both cases, the Experimental 
group identified the images correctly significantly more often than did the Control group. 
 
2. Orientation, Individual images 
The following tables examine the performances of the Experimental and Control groups 
for each image, individually examining their performance on each orientation of the 
image presented during the Testing Phase. 
Table 5.  
Correct/Incorrect answers, by orientation: Image Oblong 1. “1” indicates a correct 
identification; “0” indicates an incorrect identification. 
 
The Experimental group correctly identified Oblong 2 more often for all three 
orientations in comparison to the Control group.  
Subjects 180 Horiz Original 180 Horiz Original 
1 1 1 1 1 1 1
2 1 1 1 0 0 0
3 0 1 1 0 1 0
4 1 0 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 0 0 1
7 1 1 1 1 0 1
8 1 1 1 0 0 1
9 1 1 1 1 1 1
10 1 1 1 0 1 1
11 1 1 1 1 1 1
12 1 1 1 1 1 1
13 1 1 1 1 1 1
14 0 0 1 1 1 1
15 1 1 1 1 0 0
# Correct 13 13 15 10 10 12
% Correct 86.67 86.67 100.00 66.67 66.67 80.00
AVG 91.11 71.11
EXPERIMENTAL GROUP CONTROL GROUP
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Figure 10.  
Number of Correct Answers Across Orientations for Image: Oblong 1 
 
 
Figure 10 demonstrates the number of correct answers for image Oblong 1 per each 
orientation by each group. The chart also shows that the Experimental group scored 
higher than the Control group across all three orientations, though none of these 
differences reach significance (Table 6).  
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Table 6.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Oblong 1 
Correct Incorrect TOTAL
Experimental 13 2 15
Control 10 5 15
TOTAL 23 7 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 13 2 15
Control 10 5 15
TOTAL 23 7 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 15 0 15
Control 12 3 15
TOTAL 27 3 30
FISHER TEST
OBLONG 1: HORIZONTAL
0.154885
OBLONG 1: ORIGINAL
0.112069
0.154885
OBLONG 1: 180 FLIP
 
No statistically significant differences were found in any of the three orientations of 
Oblong 1 between the Experimental and Control group  
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Table 7.  
Correct/Incorrect answers, by orientation: Image Oblong 2. “1” indicates a correct 
identification; “0” indicates an incorrect identification. 
Subjects 180 Flip Horiz Original 180 Flip Horiz Original 
1 1 1 1 1 1 1
2 1 0 1 0 1 1
3 1 1 1 0 0 0
4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 0 0 1
7 1 0 0 1 1 1
8 1 1 1 1 1 1
9 1 1 1 1 1 1
10 1 1 1 1 1 1
11 1 1 1 1 1 1
12 1 1 1 1 1 1
13 0 1 1 1 1 1
14 0 0 0 1 1 1
15 1 1 1 0 1 1
# Correct 13 12 13 11 13 14
% Correct 86.67 80.00 86.67 73.33 86.67 93.33
AVG 84.44 84.44
EXPERIMENTAL GROUP CONTROL GROUP
 
The Experimental group correctly identified Oblong 2 more often for the 180 flip, but the 
Control group identified it more often for the other two orientations. 
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Figure 11.  
Number of Correct Answers Across Orientations for Image: Oblong 2. 
 
Figure 11 demonstrates the number of correct answers for image Oblong 2 per each 
orientation by each group. The chart also shows that the Experimental group correctly 
identified Oblong 2 more often for the 180 flip, but the Control group identified it more 
often for the other two orientations. 
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Table 8.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Oblong 2. 
Correct Incorrect TOTAL
Experimental 13 2 15
Control 11 4 15
TOTAL 24 6 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 12 3 15
Control 13 2 15
TOTAL 25 5 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 13 2 15
Control 14 1 15
TOTAL 27 3 30
FISHER TEST
0.241379
OBLONG 2: 180 FLIP
OBLONG 2: HORIZONTAL
0.335249
OBLONG 2: ORIGINAL
0.387931  
No statistically significant differences were found in any of the three orientations of 
Oblong 2 between the Experimental and Control group  
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Table 9.  
Correct/Incorrect answers, by orientation: Image Oblong 3. “1” indicates a correct 
identification; “0” indicates an incorrect identification. 
 
The Experimental group correctly identified Oblong 3 more often than did the Control 
group for all three orientations.   
 
 
 
 
 
Subjects 180 Flip Horiz Original 180 Flip Horiz Original 
1 0 1 1 1 1 1
2 0 1 1 0 0 0
3 1 1 1 0 0 1
4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 0 0 1
7 1 1 1 1 1 1
8 1 1 1 0 1 1
9 1 1 1 1 0 1
10 1 1 1 0 1 0
11 0 1 0 0 1 1
12 1 1 1 1 1 1
13 1 1 1 1 1 1
14 0 1 1 1 1 1
15 1 1 1 0 0 0
# Correct 11 15 14 8 10 12
% Correct 73.33 100.00 93.33 53.33 66.67 80.00
AVG 88.89 66.67
CONTROL GROUPEXPERIMENTAL GROUP
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Figure 12.  
Number of Correct Answers Across Orientations for Image: Oblong 3 
 
Figure 12 demonstrates the number of correct answers for image Oblong 3 per each 
orientation by each group. The chart also shows that the Experimental group correctly 
identified Oblong 3 more often for all three orientations than the Control group.  
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Table 10.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Oblong 3. 
Correct Incorrect TOTAL
Experimental 11 4 15
Control 8 7 15
TOTAL 19 11 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 15 0 15
Control 10 5 15
TOTAL 25 5 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 14 1 15
Control 12 3 15
TOTAL 26 4 30
FISHER TEST
OBLONG 3: HORIZONTAL
0.021073
OBLONG 3: ORIGINAL
0.249042
OBLONG 3: 180 FLIP
0.160795
 
Only the horizontal orientation of Oblong 3 shows a statistically significant difference 
(p=0.0211) between the Experimental and Control group as all of the subjects in the 
Experimental group scored a correct answer, whereas as some subjects (5) in the Control 
group scored incorrect answers.  
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Table 11.  
Correct/Incorrect answers, by orientation: Image Square 1. “1” indicates a correct 
identification; “0” indicates an incorrect identification. 
 
The Experimental group correctly identified Square 1 more often than did the Control 
group for all three orientations.   
 
 
 
 
 
Subjects 180 Flip Horiz Original 180 Flip Horiz Original 
1 1 1 1 1 1 1
2 1 1 1 1 1 1
3 1 1 1 0 0 1
4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 1 1 1
7 1 1 1 1 1 1
8 1 1 1 1 0 0
9 1 1 1 1 1 1
10 1 1 1 0 0 0
11 0 0 1 1 1 1
12 1 0 1 1 1 1
13 1 1 1 1 1 1
14 1 1 1 1 1 1
15 1 1 1 1 1 1
# Correct 14 13 15 13 12 13
% Correct 93.33 86.67 100.00 86.67 80.00 86.67
AVG 93.33 84.44
EXPERIMENTAL GROUP CONTROL GROUP
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Figure 13.  
Number of Correct Answers Across Orientations for Image: Square 1. 
 
Figure 13 demonstrates the number of correct answers for image Square 1 per each 
orientation by each group. The chart also shows that the Experimental group correctly 
identified Square 1 more often than did the Control group for all three orientations.   
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Table 12.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Square 1. 
Correct Incorrect TOTAL
Experimental 14 1 15
Control 13 2 15
TOTAL 27 3 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 13 2 15
Control 12 3 15
TOTAL 25 5 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 15 0 15
Control 13 2 15
TOTAL 28 2 30
FISHER TEST 0.241379
SQUARE 1: HORIZONTAL
0.335249
SQUARE 1: ORIGINAL
SQUARE 1: 180 FLIP
0.387931
 
No statistically significant difference was found in any of the three orientations of Square 
1 between the Experimental and Control group.  
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Table 13.  
Correct/Incorrect answers, by orientation: Image Square 2. “1” indicates a correct 
identification; “0” indicates an incorrect identification  
 
The Control group correctly identified Square 2 more often for the 180 flip and horizontal 
orientation, but the Experimental group identified it more often for the original 
orientation. 
 
 
 
Subjects 180 Flip Horiz Original 180 Flip Horiz Original 
1 1 1 1 1 1 1
2 0 1 1 0 0 1
3 0 0 0 0 0 0
4 1 1 1 1 1 1
5 0 1 1 1 1 0
6 0 0 1 1 1 1
7 1 0 0 1 1 1
8 1 1 1 0 0 1
9 1 1 1 1 1 1
10 0 1 1 1 1 0
11 0 0 0 0 1 0
12 1 1 1 1 1 1
13 1 1 1 1 1 1
14 1 1 1 1 1 1
15 0 1 1 0 1 1
# Correct 8 11 12 10 12 11
% Correct 53.33 73.33 80.00 66.67 80.00 73.33
AVG 68.89 73.33
EXPERIMENTAL GROUP CONTROL GROUP
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Figure 14.  
Number of Correct Answers Across Orientations for Image: Square 2. 
 
Figure 14 demonstrates the number of correct answers for image Square 2 per each 
orientation by each group. The chart also shows that the Experimental group correctly 
identified Square 2 more often for the original orientation, but the Control group 
identified it more often for the other two orientations. 
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Table 14.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Square 2. 
 
No statistically significant difference was found in any of the three orientations of image 
Square 2 between the Experimental and Control group.  
 
 
 
 
 
Correct Incorrect TOTAL
Experimental 8 7 15
Control 10 5 15
TOTAL 18 12 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 11 4 15
Control 12 3 15
TOTAL 23 7 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 12 3 15
Control 11 4 15
TOTAL 23 7 30
FISHER TEST
SQUARE 2: HORIZONTAL
0.305077
SQUARE 2: ORIGINAL
0.305077
SQUARE 2: 180 FLIP
0.223420
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Table 15.  
Correct/Incorrect answers, by orientation: Image Square 3. “1” indicates a correct 
identification; “0” indicates an incorrect identification  
 
The Control group correctly identified Square 2 more often for the 180 flip and original 
orientations, but both groups correctly identified it with the same frequency for the 
horizontal orientation. 
 
 
 
 
Subjects 180 Flip Horiz Original 180 Flip Horiz Original 
1 1 1 1 1 1 1
2 0 1 1 1 1 1
3 0 0 0 0 0 0
4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 1 1 1
7 1 1 1 1 1 1
8 0 0 0 1 0 1
9 1 1 1 1 1 1
10 0 1 1 0 0 0
11 0 0 0 1 1 1
12 0 1 1 1 1 1
13 0 1 1 1 1 1
14 1 1 1 0 1 1
15 1 1 1 1 1 1
# Correct 8 12 12 12 12 13
% Correct 53.33 80.00 80.00 80.00 80.00 86.67
AVG
CONTROL GROUP
71.11 82.22
EXPERIMENTAL GROUP
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Figure 15.  
Number of Correct Answers Across Orientations for Image: Square 3. 
 
Figure 15 demonstrates the number of correct answers for image Square 3 per each 
orientation by each group. The chart also shows that the Control group correctly 
identified Square 2 more often for the 180 flip and original orientations, but both groups 
correctly identified it with the same frequency for the horizontal orientation. 
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Table 16.  
One-tailed Fisher test of Correct/Incorrect answers, by orientation: Image Square 3. 
 
No statistically significant difference was found in any of the three orientations of image 
Square 3 between the Experimental and Control group.  
 
 
 
 
 
 
 
Correct Incorrect TOTAL
Experimental 8 7 15
Control 12 3 15
TOTAL 20 10 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 12 3 15
Control 12 3 15
TOTAL 24 6 30
FISHER TEST
Correct Incorrect TOTAL
Experimental 12 3 15
Control 13 2 15
TOTAL 25 5 30
FISHER TEST 0.335249
SQUARE 3: HORIZONTAL
0.348659
SQUARE 3: ORIGINAL
SQUARE 3: 180 FLIP
0.097451
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Table 17. 
Statistically significant images and respectful orientations.  
Correct Incorrect TOTAL
Experimental 15 0 15
Control 10 5 15
TOTAL 25 5 30
FISHER TEST 0.021072797
OBLONG 3: HORIZONTAL
 
Only the horizontal orientation of Oblong 3 shows a statistically significant difference 
(p=0.0211) between the Experimental and Control group.  
 
3. Orientations, Images pooled 
The following tables and figures examine the accuracy of the Experimental and Control 
groups in identifying the three different orientations of the images, with all images 
pooled. 
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Figure 16.  Number of Correct Answers Across Images for the 180 Flip Orientation. 
 
Figure 16 demonstrates the number of correct answers per image for the 180 flip 
orientation by each group. The chart also shows that the Experimental group correctly 
identified the majority of the images (Oblong 1, Oblong 2, Oblong 3 and Square 1) more 
often than the Control group, but the Control group correctly identified Square 2 and 
Square 3 more often than the Experimental group. 
Table 18.  
Chi-Square Test comparing the accuracy of answers for 180 Flip Orientation. 
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Experimental 67 23 90
Control 64 26 90
TOTAL 131 49 180
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No statistically significant differences between the Experimental and Control group were 
found for the horizontal orientation across all images, as the test value (0.50) was less 
than the critical value (1.96).  
Figure 17.  
Number of Correct Answers Across Images for the Horizontal Orientation 
 
Figure 17 demonstrates the number of correct answers per image for the horizontal 
orientation by each group. The chart also shows that the Experimental group correctly 
identified the majority of the images (Oblong 1, Oblong 3 and Square 1) more often than 
the Control group, but the Control group correctly identified Oblong 2 and Square 2 more 
often than the Experimental group. Both groups however, identified Square 3 with the 
same frequency.  
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Table 19.  
Chi-Square Test comparing the accuracy of answers for the Horizontal Orientation. 
 
No statistically significant differences between the Experimental and Control group were 
found for the horizontal orientation across all images as the test value (1.32) was less than 
the critical value (1.96).  
Figure 18.  
Number of Correct Answers Across Images for the Original Orientation 
 
Figure 18 demonstrates the number of correct answers per image for the horizontal 
orientation by each group. The chart also shows that the Experimental group correctly 
Correct Incorrect TOTAL
Experimental 76 14 90
Control 69 21 90
TOTAL 145 35 180
CHI SQUARE
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identified the majority of the images (Oblong 1, Oblong 3, Square 1 and Square 2) more 
often than the Control group, but the Control group correctly identified Oblong 2 and 
Square 3 more often than the Experimental group.  
Table 20.  
Chi-Square Test comparing the accuracy of answers for the Original Orientation:  
 
No statistically significant difference was found for the original orientation across all 
images between the Experimental and Control group, as the test value (1.32) was less 
than the critical value (1.96).  
When  performing the one-tailed Fisher tests for each image orientation (Table 11, Figure 
5) it was found that only the horizontal orientation for Oblong 3 (p=0.0210) showed a 
statistically significant difference between the two groups. However, when performing 
chi-square tests to compare the two groups across orientations for all six images, no 
statistically signficant difference was found.  
B.  Time to answer 
Time to answer corresponds to the time at which each subject selected an answer on the 
keyboard. If the subject changed their answer, the latest time to answer was analyzed. 
The following tables and figures represent the reformatted data that is analyzed in 
subsequent tables and figures. 
Correct Incorrect TOTAL
Experimental 81 9 90
Control 75 15 90
TOTAL 156 24 180
CHI SQUARE
ORIGINAL ORIENTATION
1.32
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Table 21.  
Experimental group Time to Answer (ms).  “Image” indicates the identification of the 
image presented on the screen. “OR” indicates the orientation in which the image was 
presented. The symbol “-“ indicates that no answer was given and therefore no time to 
answer was recorded. “AVG” indicates the average of time to answer for that particular 
orientation and image.  
 
 
 
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG
180 3767 6370 4812 7171 2046 3382 7702 3717 6522 4936 4635 2411 8489 5542 5088 5106 180 4950 - 5952 4526 4540 6540 1983 - 1508 - 8058 1673 3123 2659 5117 4219
OB
L 1
IM
AG
E
OR SU
BJ
EC
TS
horiz 3500 3514 2784 - 1275 2029 2543 2858 3139 3548 4751 1868 3303 5242 2131 3035
original 2417 3560 2651 5002 1213 2727 1744 2155 3299 4890 5305 2998 3474 6133 1489 3270
OB
L 2
180 2804 9247 5438 4056 1366 2827 3062 1847 2914 2306 4909 3637 7249 6401 1684 3983
horiz 2008 2059 1903 1615 1117 1853 3584 1301 1957 2880 5304 2375 9729 8814 1692 3213
original 1842 1757 1445 1720 1172 1660 2141 1943 2031 1901 5956 1413 5020 4249 1453 2380
OB
L 3
180 6997 3834 4080 8563 7291 2859 8015 3439 6590 3767 - 5546 7414 5032 4007 5531
horiz 2030 3398 3049 3237 1716 2965 9805 1535 3754 5077 4987 5540 4815 5243 2874 4002
original 1667 7524 1780 3270 2663 2017 7695 1611 2611 2613 - 1668 5479 4273 3698 3469
SQ
 1
180 1735 - 4250 4574 6024 7034 6685 4726 3988 2201 8429 7687 3383 7665 3791 5155
horiz 2808 5056 3086 6799 2357 3605 6975 4047 5359 3076 7038 7359 4904 6463 2550 4765
original 2134 3232 3343 3403 1684 3599 6585 6246 2032 2555 6517 6098 5135 5971 5125 4244
SQ
 2
180 5564 2926 7670 5591 6612 6750 9526 4825 3738 - 9592 4081 2601 2979 - 5573
horiz 3526 6907 3352 3901 7556 7210 - 6342 2842 7170 4111 5806 3980 6388 8560 5547
original 3348 3896 2723 1627 2381 4477 8662 2891 2416 4329 8465 6033 2895 3492 4760 4160
SQ
 3
180 2091 5781 - 5617 6612 4301 9576 5587 7359 6388 6871 - 7382 3202 6957 5979
horiz 1976 5996 3983 7279 2592 5633 7441 1724 9767 3063 - 2261 6779 2969 3722 4656
original 3629 4261 5269 4871 2118 2884 9531 6173 4860 5767 6910 1894 4445 3161 3333 4607
4371AVERAGE
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Table 22.  
Control group Time to Answer (ms). “Image” indicates the identification of the image 
presented on the screen. “OR” indicates the orientation in which the image was 
presented. “-“ indicates that no answer was given and therefore no time to answer was 
recorded. “AVG” indicates the average of time to answer for that particular orientation 
and image.  
 
Table 23.  
Average Time to Answer Experimental vs. Control.  
 
                                     CONTROL GROUP
IM
AG
E
OR SU
BJ
EC
TS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG
3767 6370 4812 7171 2046 3382 7702 3717 6522 4936 4635 2411 8489 5542 5088 5106 180 4950 - 5952 4526 4540 6540 1983 - 1508 - 8058 1673 3123 2659 5117 4219
OB
L 1 horiz 6991 - 5909 2164 4604 8243 1325 8119 1002 4318 3483 977 1577 3826 2836 3955
original 7196 3742 5275 1325 5982 8505 1479 5460 2140 2812 3213 984 1653 2207 3091 3671
OB
L 2
180 4950 - 5952 4526 4540 9351 2578 - 1508 - 8058 1673 3123 2659 5117 4503
horiz 6991 - 5909 2164 4604 6527 1577 8119 1002 4318 3483 977 1577 3826 2836 3851
original 7196 3742 5275 1325 5982 2724 1411 5460 2140 2812 3213 984 1653 2207 3091 3281
OB
L 3
180 7222 1369 - 3280 7795 7309 1895 8948 3342 - - 5729 1979 2186 2466 4460
horiz 2804 3781 - 1397 6804 9928 1089 7500 1011 2695 4478 1516 3842 1518 2238 3614
original 2287 4020 4745 1838 3911 5051 1632 4369 6119 - 5660 1105 1612 1403 2590 3310
180 7107 3656 5247 2242 4805 2191 3615 2738 2872 - 1701 4286 4750 2607 3016 3631
horiz 8747 1733 5389 2563 5286 1957 2001 2941 2338 - 981 2181 1342 2899 1968 3023
original 3160 1492 3347 3425 5007 1481 1287 - 1664 - 1507 2343 1935 3234 3012 2530
180 5204 5216 - 7121 6591 2324 2229 9794 7491 4697 5981 2353 3637 3369 - 5077
horiz 6211 5138 9531 2073 5181 4901 1325 7692 3043 2566 5257 2396 3149 6794 3762 4601
original 5839 2461 3601 1545 - 4864 1167 5371 1386 - 3604 3983 3296 1641 3854 3278
180 7800 6771 - 3036 9137 3638 7573 6897 2855 - 3556 6436 4074 5918 5085 5598
horiz 2834 3313 3743 1499 9538 4174 1289 6085 2520 - 2935 3503 3923 3497 4453 3808
original 4529 2377 6423 1835 8508 2821 1652 6164 2417 - 6051 1589 3611 2263 4765 3929
3908
SQ
 2
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AVERAGE
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AVERAGE
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A comparison of Table 1 (Experimental) vs. Table 2 (Control) demonstrates that on 
average the Experimental group took longer (4371ms) to answer than did the Control 
group (3908ms), when averaging all images and orientations (shown visually in Figure 
12).  
Figure 19.  
Average Time to Answer- Experimental vs. Control Group  
  
 
 
1. Individual Images 
The following figures and tables examine the time to answer during the Testing phase by 
the Experimental and Control groups on the different images, all orientations pooled. 
 
 
 
0	  500	  1000	  
1500	  2000	  2500	  
3000	  3500	  4000	  
4500	  5000	  5500	  
6000	  6500	  
T
im
e	  
to
	  A
n
sw
er
	  (
m
s)
	  
Average Time to Answer 
EXPERIMENTAL	  CONTROL	  
Comparison of 
the average time 
to answer of 
Experimental 
vs. Control of 
all images and 
all orientations .   
 46 
Figure 20.  
Average Time to Answer per Image Experimental vs. Control Group  
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
   
Table 24.  
Average Time to Answer Experimental vs. Control compared using one-tailed T-tests.  
OBLONG 1 OBLONG 2 OBLONG 3 SQUARE 1 SQUARE 2 SQUARE 3
EXPERIMENTAL 3804 3192.0 4334.0 4721.5 5093.2 5080.6
3948.4 3878.2 3794.8 3061.5 4318.9 4444.9
0.420 0.152 0.244 0.008 0.169 0.217
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 AVG
CONTROL
T-TEST PER IMAGE
T-TEST EXPERIMENTAL VS. CONTROL SUBJECTS 0.010  
For the majority of the images such as Oblong 1, Oblong 3, Square 1, Square 2, and 
Square 3 the Control group answered faster while the Experimental group answered 
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faster only for Oblong 2. Square 1 is the only image that showed a statistically significant 
difference (0.008) between the Experimental and Control group when all orientations are 
pooled. For this image, the Control group (3061.5 ms) answered faster than the 
Experimental group (4721.5 ms).  
When comparing all of the individual subjects’ time to answer in each group 
across all orientations and images, a statistically significant difference (p=0.010) between 
groups was also found. On average the Control group answered faster than the 
Experimental group. 
 
2. Orientation, Individual images 
The following tables examine the performances of the Experimental and Control groups 
for each image, individually examining their time to answer on each orientation of the 
image presented during the Testing Phase. 
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Table 25.  
Time to Answer (ms) with Appropriate Averages for Image: Oblong 1. “180” indicates 
the 180 flip orientation of the image in question. “Horiz” indicates the horizontal 
orientation of the image in question. The symbol “-“ indicates that no answer was given 
and therefore no time to answer was recorded. “AVG” indicates the average of time to 
answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 3767 3500 2417 4950 6991 7196
2 6370 3514 3560 - - 3742
3 4812 2784 2651 5952 5909 5275
4 7171 - 5002 4526 2164 1325
5 2046 1275 1213 4540 4604 5982
6 3382 2029 2727 6540 8243 8505
7 7702 2543 1744 1983 1325 1479
8 3717 2858 2155 - 8119 5460
9 6522 3139 3299 1508 1002 2140
10 4936 3548 4890 - 4318 2812
11 4635 4751 5305 8058 3483 3213
12 2411 1868 2998 1673 977 984
13 8489 3303 3474 3123 1577 1653
14 5542 5242 6133 2659 3826 2207
15 5088 2131 1489 5117 2836 3091
AVG 5106.00 3034.64 3270.47 4219.08 3955.29 3670.93
3948.43
EXPERIMENTAL GROUP CONTROL GROUP
3803.70  
The Control group answered faster for Oblong 1 more often than did the Experimental 
group for all three orientations.  
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Figure 21.  
Average Time to Answer Across Orientations for Image: Oblong 1 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 26.  
One-tailed T-test of Time to Answer by orientation: Image Oblong 1. . “180” indicates the 
180 flip orientation of the image in question. “Horiz” indicates the horizontal orientation 
of the image in question. “AVG” indicates the average of time to answer for that 
particular orientation and image.  
180 Horiz Original AVG
0.128 0.112 0.288 0.420T-TEST PER ORIENTATION
T-TEST ALL ORIENTATIONS 0.404015507  
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No statistically significant difference was found when comparing the Experimental and 
Control groups per each orientation or when pooling all three different orientations of 
image Oblong 2 in any or in all of the three orientations of image. 
Table 27.  
Time to Answer (ms) with Appropriate Averages for Image: Oblong 2. “180” indicates 
the 180 flip orientation of the image in question. “Horiz” indicates the horizontal 
orientation of the image in question. in which the image was presented. The symbol “-“ 
indicates that no answer was given and therefore no time to answer was recorded. “AVG” 
indicates the average of time to answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 2804 2008 1842 4950 6991 7196
2 9247 2059 1757 - - 3742
3 5438 1903 1445 5952 5909 5275
4 4056 1615 1720 4526 2164 1325
5 1366 1117 1172 4540 4604 5982
6 2827 1853 1660 9351 6527 2724
7 3062 3584 2141 2578 1577 1411
8 1847 1301 1943 - 8119 5460
9 2914 1957 2031 1508 1002 2140
10 2306 2880 1901 - 4318 2812
11 4909 5304 5956 8058 3483 3213
12 3637 2375 1413 1673 977 984
13 7249 9729 5020 3123 1577 1653
14 6401 8814 4249 2659 3826 2207
15 1684 1692 1453 5117 2836 3091
AVG 3983.13 3212.73 2380.20 4502.92 3850.71 3281.00
3192.02
EXPERIMENTAL GROUP CONTROL GROUP
3878.21  
The Experimental group answered faster for Oblong 2 more often than did the Control 
group for all three orientations.  
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Figure 22.  
Average Time to Answer Across Orientations for Image: Oblong 2 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 28.  
One-tailed T-test of Time to Answer by orientation: Image Oblong 2. . “180” indicates the 
180 flip orientation of the image in question. “Horiz” indicates the horizontal orientation 
of the image in question. “AVG” indicates the average of time to answer for that 
particular orientation and image.  
180 Horiz Original AVG
0.285 0.250 0.077 0.152
T-TEST ALL ORIENTATIONS 0.092838954
T-TEST PER ORIENTATION
 
No statistically significant differences were found in any of the three orientations of 
image Oblong 2 between the Experimental and Control group when comparing the 
orientations between groups. 
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Table 29.  
Time to Answer (ms) with Appropriate Averages for Image: Oblong 3. “180” indicates 
the 180 flip orientation of the image in question. “Horiz” indicates the horizontal 
orientation of the image in question. in which the image was presented. The symbol “-“ 
indicates that no answer was given and therefore no time to answer was recorded. “AVG” 
indicates the average of time to answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 6997 2030 1667 7222 2804 2287
2 3834 3398 7524 1369 3781 4020
3 4080 3049 1780 - - 4745
4 8563 3237 3270 3280 1397 1838
5 7291 1716 2663 7795 6804 3911
6 2859 2965 2017 7309 9928 5051
7 8015 9805 7695 1895 1089 1632
8 3439 1535 1611 8948 7500 4369
9 6590 3754 2611 3342 1011 6119
10 3767 5077 2613 - 2695 -
11 - 4987 - - 4478 5660
12 5546 5540 1668 5729 1516 1105
13 7414 4815 5479 1979 3842 1612
14 5032 5243 4273 2186 1518 1403
15 4007 2874 3698 2466 2238 2590
AVG 5531.00 4001.67 3469.21 4460.00 3614.36 3310.14
CONTROL GROUP
3794.83
EXPERIMENTAL GROUP
4333.96  
The Control group answered faster for Oblong 3 more often than did the Experimental 
group for all three orientations.  
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Figure 23.  
Average Time to Answer Across Orientations for Image: Oblong 3 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 30.  
One-tailed T-test of Time to Answer by orientation: Image Oblong 3. 
180 Horiz Original AVG
0.127 0.334 0.414 0.244
T-TEST ALL ORIENTATIONS 0.131695874
T-TEST PER ORIENTATION
 
No statistically significant difference was found in any or in all of the three orientations 
of image Oblong 2 between the Experimental and Control group when comparing the 
orientations between groups. 
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Table 31.  
Time to Answer (ms) with Appropriate Averages for Image: Square 1. “180” indicates the 
180 flip orientation of the image in question. “Horiz” indicates the horizontal orientation 
of the image in question. in which the image was presented. The symbol “-“ indicates that 
no answer was given and therefore no time to answer was recorded. “AVG” indicates the 
average of time to answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 1735 2808 2134 7107 8747 3160
2 - 5056 3232 3656 1733 1492
3 4250 3086 3343 5247 5389 3347
4 4574 6799 3403 2242 2563 3425
5 6024 2357 1684 4805 5286 5007
6 7034 3605 3599 2191 1957 1481
7 6685 6975 6585 3615 2001 1287
8 4726 4047 6246 2738 2941 -
9 3988 5359 2032 2872 2338 1664
10 2201 3076 2555 - - -
11 8429 7038 6517 1701 981 1507
12 7687 7359 6098 4286 2181 2343
13 3383 4904 5135 4750 1342 1935
14 7665 6463 5971 2607 2899 3234
15 3791 2550 5125 3016 1968 3012
AVG 5155.14 4765.47 4243.93 3630.93 3023.29 2530.31
EXPERIMENTAL GROUP CONTROL GROUP
4721.51 3061.51  
The Control group answered faster for Square 1 more often than did the Experimental 
group for all three orientations.   
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Figure 24.  
Average Time to Answer Across Orientations for Image: Square 1 
 Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 32. 
One-tailed T-test of Time to Answer by orientation: Image Square 1. 
180 Horiz Original AVG
0.018 0.012 0.003 0.008
T-TEST ALL ORIENTATIONS
T-TEST PER ORIENTATION
0.00003  
A statistically significant differences were found for all three orientations (180: p=0.018, 
horizontal: p=0.012, and original: p=0.003) and the average (p=0.008) for image Square 
1 between the Experimental and Control group. 
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Table 33.  
Time to Answer (ms) with Appropriate Averages for Image: Square 2. “180” indicates the 
180 flip orientation of the image in question. “Horiz” indicates the horizontal orientation 
of the image in question in which the image was presented. The symbol “-“ indicates that 
no answer was given and therefore no time to answer was recorded. “AVG” indicates the 
average of time to answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 5564 3526 3348 5204 6211 5839
2 2926 6907 3896 5216 5138 2461
3 7670 3352 2723 - 9531 3601
4 5591 3901 1627 7121 2073 1545
5 6612 7556 2381 6591 5181 -
6 6750 7210 4477 2324 4901 4864
7 9526 - 8662 2229 1325 1167
8 4825 6342 2891 9794 7692 5371
9 3738 2842 2416 7491 3043 1386
10 - 7170 4329 4697 2566 -
11 9592 4111 8465 5981 5257 3604
12 4081 5806 6033 2353 2396 3983
13 2601 3980 2895 3637 3149 3296
14 2979 6388 3492 3369 6794 1641
15 - 8560 4760 - 3762 3854
AVG 5573.46 5546.50 4159.67 5077.46 4601.27 3277.85
EXPERIMENTAL GROUP CONTROL GROUP
5093.21 4318.86  
The Control group answered faster for Square 2 more often than did the Experimental 
group for all three orientations.   
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Figure 25.  
Average Time to Answer Across Orientations for Image: Square 2 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 34. 
One-tailed T-test of Time to Answer by orientation: Image Square 2. 
180 Horiz Original AVG
0.297 0.118 0.112 0.169
T-TEST ALL ORIENTATIONS
T-TEST PER ORIENTATION
0.065721411  
 
No statistically significant differences were found in any of the three orientations of 
image Square 2 between the Experimental and Control group when comparing the 
orientations between groups.  
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Table 35.  
Time to Answer (ms) with Appropriate Averages for Image: Square 3. “180” indicates the 
180 flip orientation of the image in question. “Horiz” indicates the horizontal orientation 
of the image in question. in which the image was presented. The symbol “-“ indicates that 
no answer was given and therefore no time to answer was recorded. “AVG” indicates the 
average of time to answer for that particular orientation and image.  
Subjects 180 Horiz Original 180 Horiz Original 
1 2091 1976 3629 7800 2834 4529
2 5781 5996 4261 6771 3313 2377
3 - 3983 5269 - 3743 6423
4 5617 7279 4871 3036 1499 1835
5 6612 2592 2118 9137 9538 8508
6 4301 5633 2884 3638 4174 2821
7 9576 7441 9531 7573 1289 1652
8 5587 1724 6173 6897 6085 6164
9 7359 9767 4860 2855 2520 2417
10 6388 3063 5767 - - -
11 6871 - 6910 3556 2935 6051
12 - 2261 1894 6436 3503 1589
13 7382 6779 4445 4074 3923 3611
14 3202 2969 3161 5918 3497 2263
15 6957 3722 3333 5085 4453 4765
AVG 5978.77 4656.07 4607.07 5598.15 3807.57 3928.93
EXPERIMENTAL GROUP CONTROL GROUP
5080.64 4444.88  
The Control group answered faster for Square 3 more often than did the Experimental 
group for all three orientations.   
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Figure 26. 
Average Time to Answer Across Orientations for Image: Square 3 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 36. 
One-tailed T-test of Time to Answer by orientation: Image Square 3. 
180 Horiz Original AVG
0.315 0.166 0.194 0.217
T-TEST ALL ORIENTATIONS
T-TEST PER ORIENTATION
0.096713836  
No statistically significant differences were found in any of the three orientations of 
image Square 3 between the Experimental and Control group when comparing the 
orientations between groups.  
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3. Orientations, Images pooled 
The following tables and figures examine the time to answer of the Experimental and 
Control groups in identifying the three different orientations of the images, with all 
images pooled. 
Table 37. 
Average Time to Answer for the three Different Orientations. All images and all 
orientations pooled. 180” indicates the 180 flip orientation of the image in question. 
“Horiz” indicates the horizontal orientation of the image in question. in which the image 
was presented.  
 
The Experimental group on average took longer to select an answer in all three 
orientations in comparison to the Control group.  
 
 
 
 
 
 
 
 
 
180 HORIZ ORIGINAL
EXPERIMENTAL 5221.25 4202.85 3688.42
CONTROL 4581.42 3808.75 3333.19
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Figure 27. 
Average Time to Answer Experimental vs. Control Group. All images and all orientations 
pooled 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
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Figure 28. 
Time to Answer Across Images for the 180 Flip Orientation. 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 38. 
One-Tailed T-test of Time to Answer Across Images for the 180 Flip Orientation. “OBL” 
indicates the image is Oblong, where as the number refers to the exact image in question. 
“SQ” indicates the image is Square, where as the number refers to the exact image in 
question.   
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OBL 1 OBL 2 OBL 3 SQ 1 SQ 2 SQ 3
EXPERIMENTAL 5106 3983 5531 5155 5573 5979
CONTROL 4219 4503 4460 3631 5077 5598
T-TEST 0.068153355
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The Experimental group took longer to answer across all images for the 180 flip 
orientation in comparison to the Control group. Additionally, the one-tailed T-test 
showed no statistically significant difference (p=0.068) between groups.  
Figure 29. 
Time to Answer Across Images for the Horizontal Orientation. 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
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Table 39. 
One-Tailed T-test of Time to Answer Across Images for the Horizontal Orientation. 
“OBL” indicates the image is Oblong, where as the number refers to the exact image in 
question. “SQ” indicates the image is Square, where as the number refers to the exact 
image in question.   
 
The Experimental group took longer to answer across the Square images in the horizontal 
orientation in comparison to the Control group. Where as, the Control group took longer 
to answer across the Oblong images in comparison to the Experimental group. 
Additionally, the one-tailed T-test showed no statistically significant difference (p=0.199) 
between groups.  
 
 
 
 
 
 
 
 
 
OBL 1 OBL 2 OBL 3 SQ 1 SQ 2 SQ 3
EXPERIMENTAL 3035 3213 4002 4765 5547 4656
CONTROL 3955 3851 3614 3023 4601 3808
T-TEST 0.199795771
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Figure 30. 
Time to Answer Across Images for the Original Orientation. 
 
Note. The standard errors bars seen represent the standard deviation of the distribution of 
sample means. 
 
Table 40. 
One-Tailed T-test of Time to Answer Across Images for the Original Orientation. “OBL” 
indicates the image is Oblong, where as the number refers to the exact image in question. 
“SQ” indicates the image is Square, where as the number refers to the exact image in 
question.   
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The Experimental group took longer to answer across the Square images in the original 
orientation in comparison to the Control group. Conversely, the Control group took on 
average longer to answer the Oblong images in comparison to the Experimental group. 
However, a one-tailed T-test showed no statistically significant difference (p=0.188) 
between groups for this measure.  
 
C.  Number of times answer was changed 
The number of times each subject changed their answer during a certain image was 
recorded but only their final answer was taken into account. The following table 
represents the number of times each answer was changed for each subject in each group, 
Experimental or Control, for each image.  
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Table 41.  
Number of Times Answer was changed for all Images. “E” indicates the Experimental 
group’s data. “C” indicates the Control group’s data.  
 
 
Subjects E C Subjects E C Subjects E C
1 0 0 1 0 0 1 1 0
2 0 1 2 1 1 2 1 1
3 1 2 3 0 1 3 0 1
4 0 0 4 0 0 4 0 0
5 0 0 5 0 0 5 0 0
6 0 2 6 0 2 6 0 1
7 0 2 7 1 0 7 0 0
8 0 2 8 0 0 8 0 1
9 0 0 9 0 0 9 0 2
10 0 1 10 0 0 10 0 2
11 0 0 11 0 0 11 2 1
12 0 0 12 0 0 12 0 0
13 0 0 13 1 0 13 0 0
14 1 0 14 1 0 14 1 0
15 0 0 15 0 1 15 0 0
TOTAL 2 10 TOTAL 4 5 TOTAL 5 9
Subjects E C Subjects E C Subjects E C
1 0 0 1 0 0 1 0 0
2 1 0 2 1 1 2 1 0
3 0 1 3 0 1 3 0 1
4 0 0 4 0 0 4 0 0
5 0 0 5 0 0 5 0 0
6 0 0 6 1 0 6 0 0
7 0 0 7 2 0 7 0 0
8 0 1 8 0 2 8 0 2
9 0 0 9 0 0 9 0 0
10 0 0 10 0 0 10 1 0
11 2 0 11 2 2 11 2 0
12 2 0 12 0 0 12 0 0
13 0 0 13 0 0 13 1 0
14 0 0 14 0 0 14 0 0
15 0 0 15 0 0 15 0 0
TOTAL 5 2 TOTAL 6 6 TOTAL 5 3
Number of Times Answer was Changed 
OBLIQUE 1 OBLIQUE 2 OBLIQUE 3
SQUARE 3SQUARE 2SQUARE 1
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The Control group changed their answers more often than the Experimental group for the 
Oblong images, whereas the Experimental group changed their answers more often than 
the Control group for the majority of the Square images.  
 
IV.  DISCUSSION 
In this study we hypothesize that an educational intervention will increase the 
accuracy of the answers by subjects who receive the educational intervention compared 
to those of subjects who did not receive the intervention.  Subjects who received the 
training should also take longer to answer the questions than subjects with no training, 
and change their answers less frequently.  
A.  Accuracy of answer 
When pooling all of the data for all of the images and orientations for each group, 
we found no statistically significant difference in the accuracy of the answer between the 
Experimental and Control groups. However, a slight trend towards a higher accuracy by 
the Experimental group was seen (Figure 9, Table 4, T). Therefore, although there was no 
statistical difference between the two groups overall, it is useful to investigate the data 
more carefully to determine if there are more subtle trends.  
The data for individual images demonstrate some interesting trends.  In general, 
the Experimental group performed stronger at identifying the Oblong images than the 
Control group (Figure 9). The opposite occurred with the Square images where it appears 
that the Control group better identified and differentiated these images, especially Square 
2 and Square 3, in comparison to the Experimental group. However, if this is the case 
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then why was the Control group who was self taught be able to discern these specific 
images and not the Experimental group who were explicitly taught the key features of 
such cells? Perhaps the answer lies in future analysis of each group’s scan paths and heat 
maps to discern the different behaviour and interaction of each group with a particular 
image.  
In contrast, it appears that the teaching was effective for images Oblong 1 and 
Oblong 3 (Table 4) as these images showed a statistically signficant difference between 
both groups as the Experimental group was able to better differentiate and identify the 
different images presented in comparison to the Control group. Those images that did not 
show a statistically significant difference were: Oblong 2, Square 1, Square 2 and Square 
3 (Table 4) thus suggesting that more studies and/or subjects are needed to demonstrate 
whether or not teaching was truly effective or if perhaps the images themselves were to 
easy enough for the Control group to self teach themselves. Perhaps due to the easy 
identification of the images the training was unneccessary allowing both groups to 
correctly identify the images despite an educational intervention.  
It appears that in regards to the orientation of each image it was easier for both groups to 
correctly identify the cells when presented in the original orientation (Figure 18) they had 
already seen in both the Baseline and Teaching phase. This holds especially true for 
Oblong 1, Oblong 3, and Square 1, for which the Experimental group obtained a perfect 
or almost perfect score in which all or almost all fifteen subjects correctly identified the 
particular image in the original orientation (Table 20). In contrast, the Control group only 
scored an almost perfect score (14 out of 15) for the original orientation of only one 
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image - Oblong 2 (Figure 18).  Due to the perfect score obtained in some of these images 
it could be argued that the subjects either became familiar and therefore better at 
recognizing these images when presented in the original orientation regardless of whether 
any educational interaction was received or not.  
A somewhat similar trend occurred in the 180 flip orientation (Figure 16, Table 
18) where the Experimental group was able to correctly identify all three different 
Oblong images as well as the Square 1 image more often than the Control group. One 
possible explanation for such results might be that in all of the Oblong images the 
nucleus, which is considered a visually salient feature due to its size, is located in the 
center of each image. This may have confused the Control group, preventing them from 
correctly differentiating the three different Oblong images from each other.  
The trends were different for the square-shaped cells. The Control group correctly 
identified the Square 2 and Square 3 180-flip orientation (Figure 16) more often than the 
Experimental group, and both groups correctly identified the 180 flip orientation of 
Square 3. Square 3 is an image in which the nucleus was located in the center of the 
image. Conversely, in images Square 1 and Square 2 the nucleus is located in one of the 
corners. In other words, the Control group correctly identified all of the Square images 
more often than the Experimental group who had more difficulty identifying Square 2 
and Square 3 despite the educational interaction they received (Figure 18). This then 
suggests that the training was therefore not very effective as the Experimental group 
appeared to confuse Square 2 and Square 3 with each other. Perhaps the reason behind 
such confusion was the amount of visually salient features such as the “black dots” that 
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can be seen in both images. Without external training or guidance, the Control group 
might have noticed that image Square 2 had much noticeable “black dots” due to there 
size and frequency in comparison to Square 3. Thus, this same aspect may have confused 
the Experimental group as the “black dots” were never addressed during the training as 
they were visually salient and not educationally salient features. Perhaps then both groups 
were able to differentiate among the different Square images due to the quantity of 
visually salient black dots that appear all around the image instead of actually looking for 
the educationally salient features that were explicitly taught to the Experimental group. 
For example, Square 2 has the most visually salient black dots vs. Square 1 almost has 
none.  
In contrast to the performance by both groups in the 180 orientation (Table 18) in 
which there was about a two answer difference between groups, in the horizontal 
orientation (Figure 17) there is only about a one answer difference between groups for 
most images. Thus, suggesting that there is a normal variance between groups and 
therefore no statistically significant difference. One exception to this is the statistically 
significant difference between the groups for Oblong 3 in this horizontal orientation 
(Table 10). This is due to the fact that the Experimental group correctly identified this 
image 93% of the time, whereas the Control group only got it correct 80% (Table 9). 
Overall, however, when pooling all of the images’ horizontal orientations (Figure 17, 
Table 19) there was no statiscally significant difference between groups, despite having 
the biggest difference between groups (7) in regards to correct answers. More striking 
than the difference between the groups, however, is the fact is that the horizontal 
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orientation (Figure 17, Table 19) proved to be the most problematic orientation for both 
groups overall. The difficulty in identifying the horizontal orientation was probably 
because it required visual spatial and perceptual skills to be implemented by each subject 
as they most likely had to rotate the images in their mind to correctly identify them. This 
also begs the question what exact features are/are not found in the Oblong 3 image that 
made it so difficult to correctly identify in the horizontal orientation and not the other 
images? 
 
B.  Time to answer 
When all of the data for all of the images and orientations for each group were 
pooled, the Experimental group took significantly longer to answer than the Control 
group (Table 23). However, when each image was examined individually, only one 
image (Square 1; Figure 24) demonstrated significant difference in time to answer 
between the groups. For this image, the Experimental group took longer to answer; that 
trend also existed for three other images, though not to the level of significance.   
Further analysis of each image and their respective orientations also show some 
interesting findings. For instance, only Square 1 (Figure 24, Table 32) showed a 
statistical signficant difference across all orientations (Experimental slower than Control) 
when comparing both groups via a one-tailed T-test; the rest of the images showed no 
significant difference. In general, however, it appears that the Experimental group took 
longer to select an answer than the Control group for all Square images, as well as 
Oblong 3 (Figure 20). Moreover, when comparing all the pooled images in their 
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respective orientations it was found that for the 180 flip orientation (Figure 28) the 
Experimental group took longer to answer across all images in comparison to the Control 
group. For the other two orientations, horizontal (Figure 29) and original (Figure 30), the 
Experimental group took longer to answer for the Square images where as the Control 
group took longer to answer for the Oblong images in comparison the the counterpart 
group, these differences however were not statistically significant. 
When relating both acurracy and time to answer one finds that similar trends 
appear. For instance, number of correct answers and time to answer are not correlated 
variables but instead independent variables of each other as seen in the horizontal and 
original orientation as the Experimental group did not necessarily identify the images 
more often than the Control group. Thus, it can be argued that although the Experimental 
may corrrectly identify more often a certain image it does not imply that the 
Experiemntal group will also take longer in selecting an answer whe identifying the 
image in different orientations.  
Moreover, in Oblong 3 the Experimental group not only took longer (Figure 23) 
to select an answer across all orientations but also identified the image more often across 
all orientations (Figure 12) than the Control group. In such case, it can be argued that a 
better performance in identifying the image did correlate with a longer time in selecting 
an appropriate answer. In order to discern the behavior behind such correlation between 
the two variables it would be necessary to analyze the different scan paths of each group 
to determine the different interaction of each group with the presented image. Thus, with 
this one might find that the reason why the Experimental group took longer to answer is 
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because they fixated and spent more time on educationally salient features allowing them 
to correctly identify the image more often in comparison to the Control group. However, 
this is only speculation and cannot be determined without further analysis.  
Additionally, this correlation between taking  longer to answer and identifying the 
image more often  holds especially true for the horizontal orientation (Table 10) which 
showed a statistically significant difference in answer acurracy for this specific 
orientation. For this particular image and orientation, horizontal orientation of Oblong 3 
(Table 10), our hypothesis holds true as an educational intervention did increase both the 
accuracy of the answers and the time to answer of subjects who receive the intervention 
compared to those of subjects who did not receive training.  
A somewhat similar find can also be seen in the Square 1 image where a 
statistically significant difference in time to answer (Table 12) was found but no 
statistically significant difference was found in regards to accuracy. Thus, it can be 
argued that although the Experimental group did take longer to answer and was able to 
correctly identify the image more often than the Control group as our hypothesis 
speculated the difference in performance was not large enough to prove a statistically 
significant difference between groups. Additionally, Square 2 (Table 13) and Square 3 
(Table 15) show the same trends between groups in terms to the different variables. For 
instance, in both images the Experimental group took longer to answer for all three 
different orientations but did not necessarily identify the image in question more often 
than the Control group. Why is it then that although the Experimental group took longer 
to select an answer the group did not correctly identify the image more often than the 
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Control group? What allowed the Control group to correctly identify the Square 2 and 
Square 3 images more often and in less time in certain orientations than the Experimental 
group? Additionally, why is that although the Experimental group correctly identified 
more often images Oblong 1 and Oblong 2 across almost all orientations, they did not 
necessarily take longer to answer for same orientations and images? Perhaps the answers 
lie in further analysis of the gaze patterns of each group. 
 
C.  Number of Times Answer was Changed 
 When comparing how many times each group changed their answer for each 
individual image it was found that the Control group changed their answers more often 
than the Experimental group for the Oblong images, whereas the Experimental group 
changed their answers more often than the Control group for the majority of the Square 
images. Our prediction that the Experimental group would change their answers less 
often than  the Control group was therefore upheld for the Oblong images but not for the 
Square images. Thus, perhaps further analysis of how the subjects’ interacted with the 
different images will yield interesting results as to why this occurred.  
 
Further analysis: Gaze pattern 
Analysis of the subjects’ visual scan paths may help illuminate the different 
patterns observed in the two groups. It will be useful to examine what the subjects looked 
at before making a decision. Subjects’scan paths for both the Baseline and Teaching 
phases might also provide additional information as to how the subjects in the different 
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groups interacted with the images. By comparing the scan paths of the different phases of 
the experiment we might be able to discern whether or not the Experimental group 
actually learned what to look for and if their scan paths changed as a consequence of such 
during the Testing phase in comparison to the Control group.  
By analazying the scan paths of the Control group we may also be able to tell if 
the subjects in that group did look at those educational salient features that were 
explicitly taught to the Experimental group or not. This would be a particularly 
interesting analysis for image Oblong 3, where the horizontal orientation (Table 10) had a 
statistically significant difference between groups as the Experimental group correctly 
identified Oblong 3 more often for all three orientations than the Control group. This 
therefore, probably indicates that it is this specific orientation that was actually harder to 
identify if one was not aware or had not been taught the key identifying features. Thus, 
by analyzing the scan paths of these specific images we might be able to find more 
intriguing differences between the two groups that may help explain the different 
behavior and interactions each of the groups had with the images. With such further 
analysis in mind, we can then discern whether or not the differences we see are due to 
what we predicted will occur as a result of the teaching, due to the easy level of difficulty 
of the images or mere guessing.  
Aditionally, by analazying the scan paths of each group in conjunction to 
calculating their total fixation time on each salient or key feature, also known as Areas of 
Interest (AOIs), might also yield interesting results as they might also be able to show 
whether or not the Control group really did look at those educational salient features and 
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for how long when they decided to make an asnwer selection. This would be extremely 
beneficial for image Square 1 as the time to answer was significant  as the Experimental 
group took longer to answer across all three different orientations in comparison to the 
Control group and therefore by analyzing what and for how long each group fixated on 
during that image might help understand the interaction and behavior of each group with 
that specific image. Additionally, by further analzying the 180 flip orientation of the 
images we can further understand why is it that during this specific orientation the subject 
took longer to make a decision. This in turn might allow us to investigate the subjects’ 
behavior with regard a specific image or orientation. For instance, if a subject took longer 
to make a decision when the image was flipped completely, can this be attributed to the 
subject therefore taking longer to find the key features of the image? If so, is similar 
behavior observed in the horizontal orientation? How are the scan paths for both groups 
different across both orientations, and what does this imply for future teachings? All of 
these are interesting questions that may provide insight as to they way people learn.  
Thus, through further analysis one may be able to discern how subjects interact 
with the images during the training phase, as this might provide useful information as to 
whether or not the subjects attended to those key features that were explicitly taught. It 
would also be interesting to analyze the behavior of the Control subjects during this 
phase, to see whether or not they fixate on the same key features that are being explicitly 
taught to the Experimental group. Having subjects return for a second round of testing 
might also yield some interesting results as the performance for both groups may increase 
due to the previous somewhat familiarity of the images. Moreover, by switching the order 
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of the training meaning that the subjects learn the Square images before the Oblong 
images instead of vice- versa during the second round of testing we might be able to 
discern whether or not these images are either too simple or too difficult to learn and test. 
In this case, it would also be interesting to compare the first testing vs. the second testing 
in terms of what areas they tend to fixate and if they are quicker and more accurate in 
recognizing the images presented. 
 
V.  CONCLUSION 
Our results indicate some improvement on both the performance and the time to 
answer after being explicit training in what salient or key features are useful for 
identification of an image.  These results are variable, more consistent for some images 
(Oblong 3, Square 1), than others. It can therefore, be argued that our predictions were 
upheld for such images despite of their difficulty level in correctly identifying them. 
These results are promising indications of the utility of gaze tracking for objectively 
documenting learning however, further investigation is needed.  
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VI.  APPENDICES 
Appendix A.  Contact Sheet Form 
 
CONTACT INFO FORM 
(To be completed by the recruiter at the time of the telephone interview) 
 
 
 
ID#  _______________________     PHONE DATE:  ________/__________/_________ 
                        month           day            year 
 
 
FIRST:  __________________  MI:  ______  LAST:  ____________________________ 
 
 
AGE:  ______________ RACE: _____________ SEX: ______________  
 
 
DOB:  _______/__________/____________ 
             month           day            year 
 
 
HOME PHONE:  1 (__________)  _____________--___________________ 
 
WORK PHONE:  1 (__________)  _____________--___________________ 
 
CELL PHONE:     1 (__________)  _____________--___________________ 
 
EMAIL:  _______________________________________________________________ 
 
ADDRESS 1:  ___________________________________________________________ 
 
CITY:  ______________________________ STATE: ________ ZIP: _______________ 
 
 
FIRST APPOINTMENT DATE:    __________/__________/____________ 
                              month           day            year 
 
 
 
SECOND APPOINTMENT DATE:  __________/__________/____________ 
                                 month           day            year 
 
SB 07/20/07 
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Appendix B. Phone Questionnaire 
Hearing Loss/Medical Conditions Screening (via telephone) 
 
WHEN ANSWERING THE PHONE FOR A SCREENING CALL COMPLETE THIS FORM IN 
SEQUENCE 
 
Contact Date_______________________ 
 
I.   Do not write the subject’s name on this document.  
 
II. Ask each potential candidate the following questions. Document answers.   
 
 
1.  Do you have hearing loss of any kind                                                 ______ 
 
2.  Do you have Ménière’s Disease                                                         ______ 
 
3.  Do you have neurological disease of any kind                                   ______ 
 
4.  Have you ever had a stroke                                                                 ______ 
 
5.  Have you been diagnosed with Multiple Sclerosis                             ______ 
 
6.  Have you ever had a brain injury of any kind                                     ______ 
 
7. Do you have any loss of vision, uncorrected by glasses or contact lenses? 
______ 
 
III. Are there any positive responses?   If YES … STOP STOP STOP 
 
DESTROY THIS FORM AND THANK THE SUBJECT BUT INFORM THEM THAT THEY ARE NOT 
ELEIGIBLE. 
 
IV. If there are no positive responses, the subject is eligible. 
 
• Collect their contact information on the separate and secured contact sheet. 
• Take the random # from the contact sheet and write it below 
 
Patient #_________________________  
 
 
 
V. Be sure to include this sheet in the subject data folder.  
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